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Capacitive Acceleration Sensor 
Field of the Invention 



[0001] The present invention relates to measuring devices 
used for the measuring of acceleration, and specifically to 
capacitive acceleration sensors. The invention provides an 
improved, more durable sensor structure, which better resists 
the wear caused by overload situations. 



Background of the Invention 

[0002] Measuring based on a capacitive acceleration sensor 
has proved to have a simple principle and to provide a 
reliable method for measuring acceleration. The capacitive 
measuring is based on a change in a gap between two surfaces 
of a pair of electrodes in the sensor. The capacitance 
between the surfaces, or the capacity for storing electric 
charge, depends on the area of the surfaces and the distance 
between the surfaces. Capacitive measuring can be used 
already at rather low measuring ranges of acceleration. 

[0003] The prior art is described below with exemplifying 

reference to the enclosed Figure 1, which shows a side view 
of the structure of a pair of electrodes of an acceleration 
sensor according to prior art. 

[0004] Figure 1 shows a side view of the structure of a 

pair of electrodes of an acceleration sensor according to 
prior art. The pair of electrodes of the acceleration sensor 
according to prior art comprises a movable electrode 1, which 
moves according to the acceleration, and a stationary 
electrode 2. 



[0005] The movable electrode 1 is that part 1 of the 
acceleration sensor, which is responsive to acceleration, is 
supported by springs, and due to acceleration moves in 
relation to the stationary electrode 2. The movable electrode 
1 and the stationary electrode 2 constitute a pair of 
electrodes converting acceleration into a quantity that can 
be measured electrically, i.e. capacitance. Generally, on the 
opposite side of the movable electrode 1, the acceleration 
sensor of prior art also comprises a second pair of 
electrodes, not shown in the figure for clarity reasons. 

[0006] In measuring acceleration, the capacitance between 

the movable electrode 1 and the stationary electrode 2 of the 
pair of electrodes of the sensor, i.e. the capacity for 
storing electric charge, depends on the area of the surfaces 
and the distance between the surfaces. As acceleration 
through motion is applied to the object to be measured, the 
stationary electrode 2 follows the movement of the object to 
be measured. The movable electrode 1 tends to remain in its 
position due to forces of inertia, and thus moves in relation 
to the stationary electrode 2. The distance between the 
movable electrode 1 and the stationary electrode 2, and thus 
also the measurable capacitance, changes. 

[0007] The pair of electrodes of a prior art acceleration 
sensor also comprises an isolator protrusion 3. The pair of 
electrodes may also have multiple isolator protrusions 3. An 
isolator protrusion limits the movement of the movable 
electrode 1, which is supported by springs, and prevents 
contact between the electrodes 1, 2, in case of overload, and 
thus also prevents shorting of the meter circuit. The use of 
an isolator protrusion is described in, for example, the 
publication US Patent No. 5,367,429. 



[0008] Generally dielectric protrusions are used as 

isolator protrusions 3. In sensitive acceleration sensors the 
restoring spring forces of the structure are weak, such that 
surface forces may cause temporary or permanent sticking of 
the movable electrode 1 to the stationary electrode 2, thus 
preventing the functioning of the sensor. 

[0009] In particular, efforts for preventing sticking in 

surface micro-mechanical acceleration sensors have been made 
by way of various roughening or coating treatments. For 
example, surface force reducing films of lipid films or 
f luoropolymers have been applied to the structures. 

[0010] In the sensor structures relating to the present 

invention, there may further occur mechanical wear of the 
isolator protrusions during the production process. Thus 
scuffed oxide protrusions get deformed and they can even 
mechanically lock on to an equally worn silicon surface. 

Summary of the Invention 

[0011] The object of the present invention is to provide 

such an improved sensor structure, which prevents sticking 
between electrodes and which better withstands wear caused by 
overload situations. 

[0012] According to the present invention there is 

provided a capacitive acceleration sensor comprising at least 
one pair of electrodes, such that the pair of electrodes 
comprises a movable electrode responsive to the acceleration, 
at least one stationary electrode, and at least one isolator 
protrusion, such that the isolator protrusion is coated with 
a diamond-like DLC coating. 



[0013] Preferably, the isolator protrusion has a two-layer 

composite structure, wherein the base layer consists of a 
material, which is easily applied, which base layer in turn 
is coated with a top layer of the diamond-like DLC coating. 

[0014] Preferably, the top layer diamond-like DLC coating 

also extends onto the sides of the isolator protrusion. 
Further, preferably, the top layer diamond-like DLC coating 
also extends past the sides of the isolator protrusion onto 
the area of the stationary electrode. 

[0015] Further, preferably, the base layer is essentially 

thicker than the top layer. Preferably the base layer 
consists of oxide . 

[0016] Preferably, the pair of electrodes of the 

acceleration sensor comprises several isolator protrusions. 
The isolator protrusions are preferably located on both sides 
of the movable electrode. Preferably, the' isolator 
protrusions are located on a stationary electrode. 
Alternatively the isolator protrusions are located on the 
movable electrode . 

[0017] Preferably the diamond-like DLC coating for the 

isolator protrusion is grown by ion beam deposition. 
Alternatively, the diamond-like DLC coating for the isolator 
protrusion is grown by plasma enhanced chemical vapour 
deposition. Alternatively, the diamond-like DLC coating for 
the isolator protrusion is grown by arc discharge deposition. 

[0018] Preferably, the quality of the diamond-like DLC 

coating film for the isolator protrusion has been improved by 
increasing the proportion of sp 3 /sp 2 bonds. Preferably, the 
quality of the diamond-like DLC coating film for the isolator 



protrusion has been improved by reducing the hydrogen content 
of the diamond-like DLC coating film. 

Brief Description of the Drawings 

[0019] The present invention and its preferable 
embodiments are described below in detail, with reference to 
the accompanying drawings, of which: 

[0020] Figure 1 shows a side view of the structure of a 

pair of electrodes of an acceleration sensor according to 
prior art, 

[0021] Figure 2 shows a side view of the structure of a 

pair of electrodes of an acceleration sensor according to the 
present invention . 

[0022] Figure 1 was described above. The present invention 

and preferable methods for its implementation are described 
below with reference to Figure 2. 

Detailed Description of the Invention 

[0023] In the acceleration sensor according to the present 

invention, an isolator protrusion of a pair of electrodes is 
coated with a diamond-like DLC coating (DLC, Diamond Like 
Carbon) . By the solution according to the present invention, 
the sticking forces can be lowered and the wear of the elec- 
trodes can be reduced. 

[0024] Figure 2 shows a side view of the structure of a 

pair of electrodes of an acceleration sensor according to the 
present invention. The pair of electrodes of the acceleration 
sensor according to the present invention comprises a movable 



electrode 4 and a stationary electrode 5. Generally, the 
acceleration sensor according to the present invention also 
comprises a second pair of electrodes on the opposite side of 
the stationary electrode 4, which, for reasons of clarity, is 
not shown in the figure . 

[0025] The pair of electrodes of the acceleration sensor 
according to the present invention further comprises an 
isolator protrusion 6. The isolator protrusion 6 is coated 
with a diamond-like DLC coating (DLC, Diamond Like Carbon) . 

[0026] The isolator protrusion 6 according to the present 

invention is a two-layer composite structure, with a base 
layer being thicker and made of easily depositable material, 
e.g. oxide, and said base layer in turn being coated with a 
thinner top layer of the diamond-like DLC coating. The 
diamond-like DLC coating of the top layer can extend also 
onto the sides of the isolator protrusion 6, or also beyond 
the edges of the isolator protrusion 6 onto the area of the 
stationary electrode 5. The pair of electrodes of the 
acceleration sensor according to the present invention may 
comprise a multitude of isolator protrusions 6. The isolator 
protrusions can be positioned on both sides of the movable 
electrode 4. Typically, the isolator protrusion 6 are located 
on the stationary electrode 5, but alternatively the isolator 
protrusion can be located on the movable electrode 4. 

[0027] According to the present invention, the diamond- 

like DLC coating for the isolator protrusion 6 of the pair of 
electrodes of the acceleration sensor can be deposited by 
various methods. The DLC coating can be grown by Ion Beam 
Deposition, or alternatively, by Plasma Enhanced Chemical 
Vapour Deposition (PECVD), and further alternatively, by arc 
discharge deposition . 



[0028] The quality of the diamond- like DLC coating film on 
the isolator protrusion 6 according to the present invention 
can be improved by increasing the proportion of the bonds 
spVsp 2 , or alternatively, by reducing the hydrogen content 
of the diamond-like DLC coating film. 

[0029] The diamond-like DLC coating of the isolator 

protrusion 6 of the pair of electrodes of the acceleration 
sensor according to the present invention is resistant to 
wear and it provides low surface forces that would cause 
sticking together of the electrodes. 

[0030] The surface forces of the two-layered composite 
structure according to the present invention are lower than 
in the case of bare oxide protrusions. Thus sticking between 
the movable electrode 4 and the stationary electrode 5, for 
example during overload situations, can be avoided. 

[0031] Wear of the isolator protrusions can be avoided by 
the solution according to the present invention due to the 
low friction coefficient and improved resistance to wear of 
the two-layer composite structure. 

[0032] By the solution according to the present invention, 

mechanical wear of the isolator protrusion is prevented 
during the manufacturing process. By preventing mechanical 
locking between the electrodes the friction reducing, wear 
resistant coating according to the present invention improves 
the behavior of the pair of electrodes of the acceleration 
sensor . 



